SUMMARY.-The behaviour of the normal epidermis of mice on the first 5 days of exposure to a single application of carcinogens and cocarcinogens has been investigated by simple quantitative measurements of cell population, size of cells and thickness of the epidermis. Irritant substances and promoting agents both produce cellular hypertrophy but the respective responses can be distinguished by the massive and persistent hyperplasia associated with promoting activity and the much greater incidence of degenerate cells associated with irritant treatment. Urethane treatment is characterized by induction of a transient hypoplasia which is not in agreement with the level of cellular division. This response has also been demonstrated after treatment with mild carcinogens or low doses of potent carcinogens. Higher dose levels are followed by a reduction in the mitotic index after about 27 hours. The possibility of developing a preliminary screening test for carcinogenic substances is discussed in the light of these observations.
SUMMARY.-The behaviour of the normal epidermis of mice on the first 5 days of exposure to a single application of carcinogens and cocarcinogens has been investigated by simple quantitative measurements of cell population, size of cells and thickness of the epidermis. Irritant substances and promoting agents both produce cellular hypertrophy but the respective responses can be distinguished by the massive and persistent hyperplasia associated with promoting activity and the much greater incidence of degenerate cells associated with irritant treatment. Urethane treatment is characterized by induction of a transient hypoplasia which is not in agreement with the level of cellular division. This response has also been demonstrated after treatment with mild carcinogens or low doses of potent carcinogens. Higher dose levels are followed by a reduction in the mitotic index after about 27 hours. The possibility of developing a preliminary screening test for carcinogenic substances is discussed in the light of these observations. THE application of a carcinogen to the skin of mice induces a thickening of the epidermis within a few hours, but this is not a specific response since it is commonly found after physical or chemical damage. Wolbach (1936) , Orr (1938) and Page (1938) were unable to distinguish the response induced by carcinogens from that induced by non-carcinogenic irritants and considered it to be part of a regenerative process. Pullinger (1940 Pullinger ( , 1941 described the changes which occurred each day in the epidermal cell population drawing attention to the increase in volume of nuclei and cells, the disturbance in the incidence of mitotic division and the discrepancy between the comparatively small proportion of degenerative cells and the subsequent strong hyperplasia. She believed that these and other characteristics could be used to distinguish a carcinogen from a non-carcinogen. Several workers (Reller and Cooper, 1944; Iversen and Edelstein, 1952; Evensen, 1961) also noted a transitory reduction in mitotic index followed by an increase at a later stage. Other workers failed to recognize this depression until it was realized that mitotic index in the mouse epidermis is associated with a pronounced diurnal rhythm (Cooper and Franklin, 1940) . Even when this problem had been resolved it was shown that many carcinogens do not reduce the mitotic index shortly after exposure. Mottram (1944) and Berenblum and Shubik (1947, 1949) proposed a two-stage mechanism for carcinogenesis and it is now generally accepted that initiation brings about some form of cellular change which remains latent until it is subsequently forced to appear as a tumour by persistent exposure to a promoting agent, Pure initiating agents are known and these when applied to the skin appear to have no visible effect upon the epidermis (Roe and Salaman, 1955) , but the promoting stage is thought to be characterized by induction of a marked and sustained hyperplasia brought about by stimulation of cell proliferation and distinct from a regenerative hyperplasia (Setala, 1956; Salaman, 1961; Frei and Stephens, 1968) .
The purpose of this investigation was to examine the progress of the response after treatment with carcinogens, cocarcinogens and irritant substances using quantitative techniques in order to be as objective as possible. The method of investigation was confined to simple measurements of cell population, size of cells and epidermal thickness at selected times after treatment in the hope that this would reveal characteristics of the response which were specific. There is now reason to believe that initiating agents do evoke a characteristic response and that this can readily be distinguished from the response produced by a promoting agent. A distinction between the response to a non-carcinogenic irritant and the response to a promoting agent has also been demonstrated but because the evidence is based on only a few experiments it is not certain whether this distinction can yet be regarded as applying generally.
MATERIALS AND METHODS

Animals
The mice were obtained from Imperial Chemical Industries Ltd., and only 3 month old male mice were used because mitotic index is thought to vary with age (Bullough, 1949) , the hair cycle is believed to be in the resting phase at this age (Andreasen, 1953) and mitotic index is believed to be associated with the oestrous cycle in female mice (Bullough, 1946) . They were isolated in an airconditioned room at a constant temperature (20-21°C.) and provided with Oxoid Breeding Diet pellets and water ad libitum. Each mouse was housed in a separate galvanized iron box on sterile sawdust.
Chemicals
These were obtained from the following sources: Professor E. Hecker, Bio- No. of cells per mm. x gr This is a very loose approximation since the cells are assumed to be perfectly spherical and the intercellular space is ignored. If this parameter is regarded as an indication of changes in cell size and not examined too critically, the first assumption can be accepted. Setala et al. (1960) , using the electron microscope, showed that less than one fifth of the greatest increase in epidermal thickness, observed after treatment with Tween 60, is due to increase in intercellular space. However since this calculated value is directly associated with two of the measurements it should be interpreted with caution.
Experimental procedure
About 24 hours before treatment the hair from a strip of skin about 12 cm. wide along the dorsal midline of the mice from the nape of the neck to the base of the tail was removed by electric clippers. Great care was taken to avoid damaging the skin and on the rare occasions when this did happen the mouse was discarded. The clipping was always started at 10.00 hours GMT to avoid changes which might be associated with the diurnal rhythm. Painting was carried out at 08.30 hours on the following day when a volume of 0 3 ml. of the test solution was delivered directly from the syringe of a Jencons repette to form a shallow lake bound by the unclipped hair on the edge of the treated area and the solvent was allowed to evaporate. In all experiments the test substances were dissolved in either a mixture of acetone and distilled water (9 : 1 by volume) or a mixture of acetone and isopropyl alcohol (4 : 1 by volume). At specific times, which were rigidly adhered to in all cases, the mice were killed and a rectangular area of skin, with the longer side at right angles to the dorsal line of the animal and slightly wider than the treated area, was removed from the lower thoracic region of each mouse. The under surface of the skin was applied to thin card to minimize distortion during fixation in Zenker's fluid containing 500 acetic acid. This work is confined to an examination of the response to a single application of each test substance.
Seventy-two mice were painted with the aqueous acetone solvent and they were then sampled in groups of 6 at predetermined intervals of time. Four groups were killed on the day of painting and thereafter sampling was carried out twice a day at 11.30 hours and 20.30 hours. A group of 24 mice were handled, one at a time, at the same times as the solvent control animals were clipped and painted. 
RESULTS
The results from the 3 control experiments are compared in Table I . The mitotic counts showed remarkably plainly the way in which cellular division is associated with diurnal variation. The evening count carried out on the solvent controls on each day was consistently lower than that at midday, resulting in 5 maximum points. On the first day and the last 2 days of sampling the results were the same but the maximum on the second day was somewhat higher, and that on the third day somewhat lower than the average.-It was not clear whether this was associated with the solvent treatment. The other parameters were all fairly constant and did not appear to be associated with a diurnal rhythm.
The measurements of epidermal thickness and the mitotic counts were compared by analyses of variance. These confirmed that the thickness ofthe epidermis did not vary significantly over the experimental period, but clipping and subsequent application of the solvent brought about an increase in thickness. There was a slight, but insignificant, increase after clipping but a significant increase (P < 0.01) after both clipping and solvent treatment. In association with this it was shown that clipping and painting with the solvent produced a significantly higher level (P < 0.01) of cellular division. The changes in mitotic index associated with the diurnal rhythm were also shown to be significant (P < 0 01).
The mean mitotic index in the epidermis was determined in 12 groups of 6 mice which had been killed at 2-hourly intervals throughout a complete 24-hour period. These results are presented in Fig. 1 
DISCUSSION
The response patterns which have emerged demonstrate particular features which can be recognized as being specifically, characteristically or occasionally associated with the types of activity under investigation. It seems likely that a reduction in the epidermal cell population (D and E), whether it is associated with a reduced mitotic index (A and B) or is brought about by some unknown mechanism, is a specific response to treatment with an initiating agent. The response to topical application of urethane is apparent between 27 hours and 51 hours after application, whereas the response associated with promoting activity proceeds beyond this time and is still apparent at least 75 relatively persistent hyperplasia (F) would appear to be specifically associated with promoting activity and such a response has been shown to invariably correlate with a high incidence of mitotic division 27 hours after application (C). Other characteristics are an initial suppression of mitosis (A) and a gross hypertrophy of the squamous cells (G). Substances, which are in themselves capable of inducing tumouis of the epidermis after prolonged treatment, have been shown to evoke responses which show features of both these types. There are indications that the response to a carcinogen depends upon not only the potency, but also the dose level. Application of powerful carcinogens such as MC and DMBA is followed by a marked depression of mitotic index 27 hours later ( with decreasing potency to an elevated index associated with a lower cell population than the mitotic index would predict (E) . When the dose level of MC is reduced by half the B response is still of the same order of magnitude, whereas those aspects which are associated with promoting activity, i.e. F and G, are much reduced. If this trend continues as the dose level is reduced MC would be expected to behave as an initiating agent with very poor promoting activity at very low doses. TCQ was found to be only slightly soluble in the solvent and was tested at a comparatively low dose level. The results indicated that under these conditions its activity would be limited to initiation. Unfortunately this has not been verified by long term experiments but these examples are in accord with the (Oehlert and Grimm, 1966; Hecker and Paul, 1968) using tritium labelled carcinogenic hydrocarbons suggests that there is some reaction between these and the cellular constituents of the epidermis very shortly after administration, and that this reaction may be completed in about the first 24 hours. The evidence also suggests that the reaction products remain in the epidermis for at least 72 hours and they are then gradually eliminated over the next 8 days.
Investigations of the synthesis of DNA and RNA (Paul, 1969) after administration of hydrocarbons and cocarcinogen Al suggests that synthesis is interrupted by carcinogens during the 24 hours following treatment and this is followed by stimulation, whereas the promoting agent stimulates synthesis without a prelimninary inhibition. Stimulation of DNA synthesis continued for up to 72 hours. The duration and timing of the various aspects of the response reported here are in very good agreement with these observations. Berg (1948) division and compared these with his own results, in whiich benzopyrene treatmen-t was followed by a very much reduced incidence of metaphase figures. Fig. 4 demonstrates the rapidity with which the incidence of the various phases change during the first 36 hours after MC treatment and may help to explain the apparenit contradictions which have led to confusion in the past. There are conflicting reports in the literature concerning the activity of BA. Berenblum (1941) was unable to demonstrate an initiating activity with this compound even after 20 weeks of croton oil treatment whereas Graffi et at. (1953) and Roe and Salaman (1955) 
